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Effect of Cr Element on Metallographic Microstructure and Properties of Fe-B Surfacing Alloy
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Abstract: In order to improve the wear resistance of Fe-B surfacing alloy, plasma surfacing technology was used to clad Fe-B - Cr surfacing
alloy layers with different chromium contents on the surface of Q235 steel material. The effect of Cr element content on the microstructure,
hardness, and wear resistance of Fe-B-Cr surfacing alloy was studied by using metallographic analysis, scanning electron microscopy analysis,
and X-ray diffraction analysis. Results showed that with the increase of Cr content, Cr was solidly soluble in Fe and Fe,B, and the surfacing
alloy was composed of (Fe, Cr) and (Fe, Cr),B. The increase of Cr content did not cause the formation of new phases in Fe-B surfacing
alloy, and the alloy structure was composed of eutectic structures of Fe,B and Fe+Fe,B. Meanwhile, the addition of Cr element significantly
improved the hardness and wear resistance of Fe-B surfacing alloy. The hardness of Cr-2 was considerably higher than that of Cr-0. With the
continuous increase of Cr content, the hardness value of the surfacing alloy showed an upward trend, and the surface hardness of the Cr- 10
surfacing layer was as high as 67 HRC. Moreover, the wear of the Cr-10 surfacing layer was minimized to 0.0275 g, and its relative wear resist-
ance increased by 375% compared to Cr-0.
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Table 1 Chemical composition of Q235 steel
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JLR C Si Mn S
w/%  0.140~0.220  <0.300  0.300~0.650 <0.050
TLH p Cr Ni Fe
w/ % <0.045 <0.030 <0.030 At

HES AR B 3R AN ) Cr 5 Y Fe-B-Cr &
B AR (R Rk TR RIS ks ) | IF-ds 1
ARERR R BRI FIERBR AR by (3 G AR IO AL~ 1L o3
W 2) KB @B AR EA TS i 4 BERR , LBy Lk AR
RS, NEERE R —E IR, A S
GHIRIECH] 200 g, 55 B THEIR & S MR BT ILE 3,

R2 GEMRBUERS (RESH) %

Table 2 Chemical composition of alloy
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R3I EFETHESEMREIT (RESH) %

Table 3 Design of plasma surfacing alloy

powder (mass fraction) %

WS TR Rk KPR REERN  IREREYOR R
Cr-0 29.0 0 1.5 1.0 3.0 R
Cr-2 29.0 3.5 1.5 1.0 3.0 A
Cr-4 29.0 6.5 1.5 1.0 3.0 i
Cr-6 29.0 9.5 1.5 1.0 3.0 N
Cr-8 29.0 12.5 1.5 1.0 3.0 Ari
Cr-10  29.0 15.5 1.5 1.0 3.0 At

powder (mass fraction) %
R Cr Ti B C Mn
ek - - 19.180 0.039 -
IR A ok - - - 0.610 80.730
FERR A - - - 0.015 -
W - - - 0.050 0.400
YN 65.300 - - 0.057 -
R - 29.950 - 0.086 -
BEMAR Si P S Fe
ekt 0.430 0.028 0.005 AhE
B 1310 0.174 0.010 S
E2780) 72.40 0.034 0.016 Shr
EIEEK  0.150 0.025 0.030 PN
AR 0.730 0.029 0.020 P
R 0.450 0.010 0.019 i

1.2 k55 )5k

IR R ] PTA -BX -400A BIZE 5 Tt AL iR 50 A
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Table 4 Parameters of welding process

P SRR SRR AR, AR JRENR
/A U/V  o/(gemin™') (mmemin™') (Lemin™')  JE/C

130 25 600 50 9 100~200

HEIREE RS R K AL LT RIS Q235 4M AR
AT BIVER ST R 10 mmx10 mmx 12 mm A HERRR,
¥t SR 80,120,240,600,800,1 000,1 200,2 000 H
HYRP AT IRAEFEAT AT EE IO, 2R H 4 % (AR50 850) i
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Fig. 1 Macro morphology of surfacing surface
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Fig. 2 XRD paitern of Cr-0 surfacing alloy
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Fig. 3 XRD pattern of Cr-0 surfacing alloy
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Fig. 5 XRD pattern of Cr-6 surfacing alloy
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Fig. 6 XRD pattern of Cr-8 surfacing alloy
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Fig. 10 Microstructure of Cr-4 surfacing alloy
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Fig. 13 Microstructure of Cr- 10 surfacing alloy
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Table 5 Hardness of surfacing alloys

g 5 Cr-0  Cr-2  Cr-4 Cr-6 Cr-8 Cr-10

W ICHEJE/HRC 57 61 63 65 66 67

2.4 TiEEPES B
WA S EE BRI S5 Rk 6 iR, %6
HARXT R B & AT (1) .
e=(V/V)X(W/W,) (1)
o, vV BRI IR, VR AR R IR R
PR, W R 1 T4, W, R AR iR 1 T
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Table 6 Abrasive wear test results of surfacing alloys

T N

b iﬁgfgﬂ] & ’%gz T aw e
Cr-0 1.132 9 1.002 2 0.130 7 7.65
Cr-2 1.105 6 1.054 3 0.051 3 19.49
Cr-4 1.223 8 1.187 8 0.036 0 27.78
Cr-6 1.113 2 1.078 1 0.035 1 28.49
Cr-8 1.254 1 1.224 8 0.029 3 34.13
Cr-10 1.240 2 1.212 7 0.027 5 36.36
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Fig. 14 Relative wear resistance of surfacing alloy
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